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STUDIES INSECT SPERMATOGENESIS. III. 
THE STRUCTURE THE NEBENKERN 
THE INSECT SPERMATID AND THE ORI- 

GIN NEBENKERN PATTERNS. 


ROBERT BOWEN. 
(From the Department Zodlogy, Columbia University.) 


INTRODUCTION. 


the preceding this series have given rather 
full account the formation the hemipteran spermatid to- 
gether with history its various components the subsequent 
transformation into the mature sperm. outline the be- 
havior the mitochondria (nebenkern) was included that ac- 
count, but was thought best postpone any extended considera- 
tion details later paper. the purpose this paper 
complete the description the nebenkern especially with re- 
spect the complicated and fantastic “patterns” which are its 
chief characteristic the insect spermatid. 

the term refer those curious appearances, 
have been likened blackberry, onion, ball 
twine, skein yarn, spireme, and other similar objects, which 
develop the nebenkern the early spermatids and eventually 
disappear again. rather disconcerting find that after 
thirty-five years observation these appearances are not yet 
understood—have never, indeed, been carefully examined 
origin and significance except Gatenby, whose recent work 
the Lepidoptera has served point departure for this 
paper. not been able find with certainty who first noted 
these patterns—the early workers seem have taken them 
matter course and have given them particular emphasis. 
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The earliest clear account which have discovered that von 
Valette St. George who clearly figured the onion” 
stage Blatta (see his Fig. 74), and likened ball thread. 
Later, described much the same appearance Phratora 
and (doubtfully) Forficula (’87). These accounts were the 
forerunner long series similar observations whick the 
distinctive feature nebenkern structure more less thread- 
like appearance, more correctly, division its substance 
into layers which are often likened those hemi-sected 
Another characteristic appearance, occurring often times 
conjunction with the preceding, was first described Platner 
who noted the differentiation the nebenkern Lepidop- 
tera into two substances concentrically arranged—an inner, 
darkly stained core enclosed outer clear, non-staining ma- 
terial. Subsequent observers have found many forms similar 
peripheral zone, often broken into vacuoles thin partitions 
traversing the clear substance. Still third type pattern has 
been described particularly Holmgren Silpha, and 
smooth beaded cords running lengthwise through the neben- 
kern begins its elongation. This appearance seems have 
been seen comparatively few observers, and have been mis- 
interpreted all. The problem is, therefore, twofold one: 
(1) what the structural basis these patterns? and (2) what 
the relation these various appearances each other and 
the course sperm formation whole? the account which 
follows, have tried give least descriptive answer these 
questions. 

The material for this Study,” the preceding ones, has 
been drawn from Hemiptera belonging the Family Pentato- 
mide. have already pointed out (Bowen, ’20), this particu- 
lar family characterized the occurrence numerous species 
which certain the spermatocytes and spermatids are unusu- 
ally large compared with the remaining ones, which are 
strikingly smaller (“normal”) size. The occurrence these 
large spermatids, with correspondingly large nebenkerns, has 
made possible structural analysis the nebenkern which 
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would have been exceedingly difficult, not entirely impossible, 
the spermatids “normal” size. This paper, therefore, deals 
exclusively with the large-cell generations, but the results have 
been checked the small-cell generations and clear that the 
phenomena are both cases essentially the same, the factor 
size being the sole difference. have used for this study three 
forms—Euschistus euschistoides Voll., Brochymena quadripustu- 
lata Fab., and Murgantia histrionica Hahn, each which pos- 
sesses two testicular lobes large-cell generations. 

have made use particularly three technical methods— 
Benda’s alizarin-crystal violet stain and the Golgi methods 
Kopsch and Cajal, the reasons for employing these particular 
methods being made evident the descriptive section which fol- 
lows. The first named was used exactly described the sec- 
ond these “Studies.” The Kopsch method does not usually 
impregnate the mitochondria, but occasionally the nebenkern and 
its derivatives are blackened—in the present case after im- 
mersion per cent. osmic acid about ten days. The Cajal 
formol-uranium nitrate method was used described 
with primary fixation hours, followed silver nitrate 
(1.5 per cent.) for hours, and reduction with hydro- 
quinone for periods hours. best this method 
rather capricious one. 

have here acknowledge the many helpful suggestions and 
criticisms which have been contributed from time time 
Professor Wilson. also indebted Dr. Franz 
Schrader for assistance the collection material, and par- 
ticularly Mr. Barber through whose unusual kindness 
was able get the specimens Brochymena which have used 
this Mr. Barber has also identified all ma- 
terial. 

OBSERVATIONS AND DISCUSSION. 


earlier work (Bowen, ’22), have given detailed ac- 
count, the manner which the spermatid nebenkern con- 
from the originally thread-like (with some inter-mixed 


1See Cajal, Algunas del aparato 
reticular Golgi., Trab. Lab. Biol. Univ. Madrid, 1914, Vol. 12. 
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granules) mitochondria into compact, spherical chondriosome 
body. the large spermatids this body usually appears, imme- 
diately after formation, rather homogeneous texture, staining 
faintly not all with crystal violet. the small spermatids 
the nebenkern typically stains intense violet (after Benda). 
Thus, there any structural differentiation the nebenkern 
this initial stage lost one case failure stain and the 
other over-staining. Subsequent phenomena indicate, how- 
ever, that there must this time some differentiation the 
mitochondrial substance, and will first necessary examine 
carefully the evidence bearing this point. 

other observers have remarked, the mitochondria the 
spermatocytes the time the maturation divisions appear 
characteristically the form either granules rods and 
threads various dimensions. Meves (’00) was the first 
show (in the granular mitochondria are not homoge- 
neous spheres, but are actually vesicles the substance which 
differentiated into two distinct parts 


intensely staining enve- 
lope peripheral layer and clear, non-staining interior, This 
structure very clearly demonstrated many other Lepidoptera, 
recently shown Gatenby who has applied the conveni- 
ent descriptive adjective chromophilic and chromophobe (or 
better, chromophobic), the staining and non-staining portions 
respectively the chondriosome vesicles. The same vesicular 
structure has also been shown occur some forms other than 
insects (e.g., Mollusca), that would appear reasonable ex- 
pect similar duplex structure mitochondria the rod type. 
The evidence here not entirely convincing, due largely the 
difficulties technique. Meves (’07) has, however, noted that 
the thread-like mitochondria the honey-bee, there differ- 
entiation into outer, chromophilic envelope with core non- 
staining material. Gatenby has recently stated that the 
beetle (Tenebrio) the mitochondria occur either spheres” 
“elongated tubes, containing internally chromophobic sub- 
stance.” the Hemiptera, have never been able satisfy 
myself this duplex structure. The mitochondria are the 
form long, delicate threads (Bowen, ’20) which are fine that 
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has not yet been possible distinguish any internal structural 
features. However, one case, Murgantia histrionica, have 
found that the mitochondria early spermatocyte period pass 
through granular stage which possible clearly make 
out the same differentiation into two substances which others 
have noted granular mitochondria Lepidoptera. Sub- 
sequently the granules produce the long, thread-like mitochondria 
typical Euschistus and other pentatomids. is, think, rea- 
sonable presume that the structure the granules carried 
over into the threads, which would thus correspond structure 
with those Tenebrio. Without going further into these purely 
structural aspects, seems fair conclude that the male 
germ cells least the mitochondria are generally composed 
two distinct substances, related each other have described 
above. Whether there any relation between this morphologi- 
cal duplicity and the presumed chemical composition (lipoid plus 
albumenoid) the mitochondria entirely 
deed, not unlikely that our ideas the chemical nature 
these bodies will have revised the light recent cytologi- 
cal investigations. 

Assuming, then, duplex morphological structure for the 
mitochondria, are now position take the structure 
the nebenkern the time when has just rounded out into its 
typical shape. again, our problem simplified pre- 
liminary study the formation nebenkern from the granular 
type mitochondria. This was first observed detail Meves 
and more recently the same ground has been 
worked over Gatenby most illuminating manner. 
Meves showed that the close the second maturation division, 
the vesicular mitochondria begin fuse together into irregu- 
lar, darkly staining mass containing many large, non-staining 
vacuoles. Subsequently, the stained substance aggregated into 
roughly spherical mass enclosed non-staining envelope 
which very sharply delimited externally and traversed 
numerous strands passing out from the central, chromophilic 
core. These latter disappear eventually, and the nebenkern 
smoothed out into the two zones observed many years before 
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Platner (’89). Meves concluded that the process condensa- 
tion, the constituent materials the original mitochondrial vesi- 
cles had simply exchanged places, the chromophilic substance 
having run together form homogeneous, central core, for 
which the formerly internal, chromophobic substance now acts 
envelope. 

Gatenby’s much more complete and proves 
conclusively that the details given Meves are badly distorted 
through the use acetic acid the fixative. Gatenby shows 
that the running together the mitochondrial vesicles occurs 
rather orderly way, the chromophobic material gradually fusing 
form the main body the nebenkern within which the chro- 
mophilic substance molded into long, but perfect spireme 
wound up, were, within the nebenkern proper. 
for the present, any discussion details, clear that the ne- 
benkern thus formed not homogeneous, but quite the contrary, 
the exact (apparent) pattern assumed being dependent the 
perfection the technical treatment. The essential result has 
been the fusion the chromophobic material the various 
chondriosome spheres form continuous, homogeneous matrix 
which embedded the chromophilic material first fan- 
tastic, thread-pattern. How this result compared with 
the nebenkern formed the fusion thread-like 

Since has not been possible differentiate the chromophobic 
material the thread-like mitochondria the Hemiptera, one 
can not trace the gradual evolution the nebenkern Gatenby 
has done; although preparations not too darkly stained one 
sometimes gets the impression that the substance producing the 
nebenkern not homogeneous often appears be. Once 
fully completed (perhaps even earlier), the nebenkern begins 
show the first clear signs differentiation into two substances. 
This first makes itself evident the appearance large num- 

far know, Gatenby’s results have not yet received any confirmation 
from other workers. is, therefore, possible that with further study the 
nebenkern Lepidoptera other interpretations the structure 
described Gatenby will suggested. However, for the purposes this 
discussion, have considered Gatenby’s account correct, and the conclusions 


reached will not affected any important way should the details the 
formation fail substantiation. 
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ber small vacuoles the periphery the mitochondrial mass 
These are first very indistinct and difficult demon- 
strate. but they presently become clearer and form complete 
layer investing the periphery the nebenkern. They seem 
stain little not all, contradistinction the central mass 
which more darkly colored. This may due the fact that 
the process differentiation going from without inwards, 
may due the optical superposition several layers 
vacuoles. rather inclined think that the process differ- 
entiation going throughout the whole mass, but that the peri- 
pheral portions perhaps progress more rapidly. curious 
fact that many Benda preparations which seem other- 
wise excellent, these and the later differentiation phenomena are 
not demonstrated all. Further, have not been able get 
any preparations (of Brochymena) stained with sufficient sharp- 
ness show these vacuoles they should, course, appear 
the rounded surfaces the nebenkern one focuses and 
down. Zweiger however, seems have made out this 
stage Forficula (see his Fig. 36), which the whole neben- 
kern seems made very small vacuoles. 

The process differentiation which these vacuoles are pro- 
duced has doubtless been proceeding for some time, but made 
visible only when the vacuoles attain dimensions within the 
our technique. all events, Fig. represents only 
transitory condition continuous process which progressing 
toward definite end. The successive figures which have 
drawn are merely selected convenient points along the way. 
Fig. represents stage somewhat later than the preceding figure, 
which the nature this vacuole formation has become much 
more evident. clear now that the formation non-staining 
vacuoles going throughout the nebenkern mass, the outer 
ones apparently being differentiated more rapidly than the more 
interior ones. Thus comes about that these vacuoles are ar- 
ranged rather definite layers which, cross-section, would 
appear concentric rings (Fig. The outermost layer clears 

corresponds approximately the period which the centriole 


migrates from its originally anterior position (Fig. its definitive position 
the base the sperm head (Fig. 3). (See Bowen, ’22.) 
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very rapidly, the separate vacuoles fusing together form 
large clear spaces separated from each other septa which pass 
outward from the central mass the exterior the nebenkern, 
which marked very definite membrane. The whole thing 
rather recalls the figure given Meves (’00) though 
real comparison is, course, possible. 

probably the stages between Figs. and that have often 
been noted heretofore and likened “blackberry.” clear 
that if, often happens the small-cell generations, the neben- 
kern whole took the stain rather heavily, its appearance 
would something like that spherical mass soap-bubbles 
—or blackberry. The many bizarre figures this condition 
would seem indicate that fixation effects may play 
determining the exact appearance the final result. That the 
main features this stage are real, indicated, however, its 
many reproductions the literature insect spermatogenesis. 
Thus, Henking’s Fig. and Paulmier’s (’99) Fig. are 
excellent reproductions the “blackberry” stage Pyrrho- 
coris and Anasa respectively, very similar those which have 
seen Murgantia. The early stages the development the 
vesicles seen optical cross-section are clearly figured 
Voinov (’03) Cybister (Fig. 50), Zweiger Forfic- 
ula (Fig. 37), and Shaffer (’17) Passalus (Fig. 19). 
Later stages the condensation the peripheral layer vacu- 
oles are figured Holmgren Silpha (Fig. Gross 
Pyrrhocoris (Fig. 98) Stevens (’05) Blatella (Fig. 
150), and (probably) Doncaster and Cannon (’20) Pedicu- 
lus (Figs. and 21). However, not improbable that some 
these cases are artifacts similar those figured Meves 


The clearing the outer layer vacuoles now proceeds 
rapidly, the substance the vacuole walls being apparently with- 
drawn into the underlying region the nebenkern, and eventu- 
ally the whole peripheral zone appears clear, non-staining en- 
velope enclosing central, chromophilic core (Fig. 3). Usually 
connection two still retained between the external mem- 
brane the nebenkern and the central portion, these connections 
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being apparently indeterminate position. the same time 


becomes evident that the vacuolated condition the central mass 


likewise clearing up, the substance the vacuole walls being 
condensed into concentric shells chromophilic material marking 
the limits between the former concentric rings vacuoles, while 
the substance the vacuoles themselves flows together form 
more less ‘continuous shells non-staining material alternat- 
ing with the thinner shells chromophilic material. This ar- 
rangement first very incomplete and imperfect (Fig. 3), the 
chromophilic partitions being more less irregular. Something 
this intermediate period the differentiation the nebenkern 
also figured other workers, particularly Wilke and 
Hydrometra. (See his Fig. Hydrometra lacustris 
and especially Figs. and Hydrometra paludum 

the period Fig. the chromophilic substance 
are still joined many irregular intervals cross partitions. 
Presently. however, the pattern clears considerably and be- 
comes much more regular its main outlines (Fig. 5). The con- 
centric zones material are now smoother and more nearly com- 
plete, and the nebenkern whole exhibits tendency 
division all the parts into two equal halves (Fig. 5). The gen- 
eral arrangement recalls the appearance hemi-sected onion” 
—noted many students insect spermiogenesis. Previous 
this time the pattern seems have been susceptible the dis- 
integrative action acetic acid, but with the stronger develop- 
ment the chromophilic plate-work, the pattern very often 
preserved after almost any fixative. This stage has thus become 
the most familiar the nebenkern “patterns.” was figured 
von Valette St. George Blatta (Fig. 74) and later 
described detail Henking (’91) Pyrrhocoris. Wilke 
Hydrometra lacustris (Figs. and 75), and pa- 
ludum (Fig. 78) has figured this stage with what one 
inclined think trifle too diagrammatic clearness. Attention 
may also called the figures Stevens Stenopel- 
matus (Figs. and 85) and Blatella (Fig. 151), 
Blatta (Fig. 56), and Boring (’07) 
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(Fig. 278). other workers this stage has looked like thread- 
work some sort, appearance due possibly the disturb- 
ances fixation the failure stain clearly (but compare also 
with Gatenby’s description). Thus, compare Henneguy 
the “filamentous” nebenkern Pyrrhocoris, and other early 
workers. Many observers have also noted the curious disposi- 
tion the the nebenkern take the stain differently. 
This particularly common after the osmic acid fixatives 
ming), the results being often very fantastic and unexpected. 
Gross has figured variety such results Pyrrhocoris, 
and have seen much the same thing the pentatomids. The 
most interesting these phenomena that alternative stain- 
ing, which the different layers one side the mid-line are 
stained various degrees while the other half the nebenkern 
the degrees staining are exactly reversed. (See Gross (’07) 
Figs. 100. 151, 154, 155, and 156.) The meaning these pecu- 
liar phenomena entirely unknown. 

The structural foundation these patterns will made some- 
what clearer comparison the nebenkern seen from the 
side (Fig. and from one pole cross-section) (Fig. 6). 
evident, the first place, that the substance the nebenkern 
has become sharply differentiated into two substances very 
different staining capacities. One these stains little, not 
all, and forms more less homogeneous matrix which em- 
bedded mass material that takes the usual mitochondrial 
stains (crystal violet, for example). Further, this stained sub- 
stance arranged very characteristic concentric rings, the 
successive rings being separated zones the non-staining 
matrix. These rings might possibly taken for tangled thread- 
work comparable the Gatenby but fo- 
cusing and down clearly proved that these rings are not 
threads all but more less extensive, shell-like plates. This 
made even more clear Fig. which the nebenkern cut 
right angles that Fig. quite obvious that the ap- 
parently concentric rings are reality the optical cross-sections 
more less complete plate-work, which the imperfectly 


spherical plates are arranged one within the other concentric: 
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series. The patterns are merely optical cross-sections plate- 
work, difficult sure this plate-work when the ne- 
benkern viewed “in the round,” but have tried represent 
small. tangential slice Fig. plate more less 
wrinkled and apparently perforated places, which irregulari- 
ties seem correspond with the points indentation, folding, 
union, the various plates, can explained comparative 
study Figs. 4,5 Inthe Hemiptera, therefore, spireme 
seems not occur this stage, and the patterns are due not 
tangled thread-work but more less regular plate-work. 
necessary now retrace our steps the early stages the 
formation the nebenkern, and attempt explanation these 
results from broadly comparative standpoint. will re- 


called that the peculiar pattern the lepidopteran nebenkern 
owes its origin the arrangement the chromophilic and the 
chromophobic constituents the original granular mitochondria. 
The question then arises: are the patterns just described the 
Hemiptera comparable any way those the Lepidoptera? 
believe that all the facts point affirmative answer this 
question. 

will recalled that from comparison various morpho- 
logical types mitochondria the assumption seemed war- 
ranted that they are all alike composed two fundamental and 
distinct substances—a chromophilic material forming the outer 
covering each chondriosome unit, and internal chromophobic 
material. Assuming this structure present the thread-like 
type mitochondria, the transformations the hemipteran 
spermatid are readily explicable. During the early stages the 
formation the nebenkern. the presence the two mitochon- 
drial materials can not discerned any more than was possible 
the auxocyte period. is, therefore, impossible say exactly 
how the fusion the threads takes place, Gatenby has done 
the case the vesicular mitochondria. seems probable, how- 
ever, that, the latter case, there process running to- 
gether going within the chondriosome mass, which finally 
results the production sufficiently large groupings the two 
materials allow visible separation. This condition at- 


| ; 


ROBERT BOWEN. 


tained the stage Fig. which the chromophobic material 
has run together form many small, clear masses vacuoles, 
the walls which are formed, were. the chromophilic 
substance. The process condensation which has produced 
this initial differentiation now continues rapidly (Fig. 2), larger 
and larger aggregates chromophobic material being produced 
the further condensation the chromophilic substance. This 
condensation has seemed, from the beginning, progress from 
without inward, that the primary vacuolization the form 
concentric shells vacuoles, each equal thickness the 
diameter single vacuole. Thus the absorption the par- 
titions chromophilic material which first separate the 
vacuoles any one layer, there produced very typical figure. 
The chromophilic material has accumulated thin 
tween each adjacent layer vacuoles, while the vacuoles them- 
selves have run together form more less homogeneous 
ground substance which surrounds, and fills all the interspaces 
between the chromophilic These seem 
more less inter-connected and wrinkled, and are possibly per- 
forated numerous places, producing sort skeletal plate- 
work, the main outlines which are molded the original vac- 
uolization the nebenkern. The Gatenby 
and the plate-work” which have described are thus directly 
comparable every way. Their apparent difference depends. 
would seem, the original form and method fusion the 
spermatid, chondriosomes, which are one case large, vesicular 
granules and the other long, delicate threads. 

believe, therefore, that, depending the primary morphology 
the auxocyte chondriosomes and possibly other unknown 
factors, the nebenkern may develop spireme” structure 
system plates (or possibly other structural types not yet de- 
scribed). Gatenby the other hand seems inclined the 
view that all the nebenkern structures are essentially thread- 
work comparable the Lepidoptera. states, 
fact, that “very finely-coiled spireme” does occur Tene- 
brio, and presumably other Coleoptera. always possible, 
Gatenby has shown the Lepidoptera, that faulty technique will 
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make one these types look like the other. This may possibly 
have occurred with some the Orthoptera, for find own 
material Rhomaleum, nebenkern figures comparable those 
figured Meves Pygera, and yet Giglio-Tos and Granata 
figure Pamphagus very clear “spireme.” even 
more interest are the old figures the nebenkern Gryllus 
Baumgartner which striated condition” very remi- 
niscent Gatenby’s conspicuous figure. is, 
therefore, means improbable that the type 
nebenkern more widely distributed than has been suspected. 
the other hand equally convinced that the plate-work 
type nebenkern reality, and scarcely probable that 
technique many kinds have tried great many methods 
these Hemiptera (see Bowen (’22))) would fail reveal 
“spireme” the hemipteran nebenkern any such structure 
really existed. The whole series stages which have described 
are hardly satisfactorily explained away artifacts. is, 
think, safe, then, conclude that there are least two funda- 
mental types nebenkern structure—the type, and 
the type—possibly interconnected intermediate 
but until the matter has been carefully examined 
will not possible classify the various insect groups (other 
than Lepidoptera and Hemiptera) the basis nebenkern 
type. This whole subject offers attractive field for intensive 
study. 

remains now follow out the later history the chromo- 
philic substance. the spireme type the chromophilic thread 
often withdraws from its originally peripheral position, and, after 
imperfect fixation, the running together its substance gives 
rise the appearances figured Platner (’89) and Meves 
and already referred above. final fate the spireme 
not known any case. the Lepidoptera the nebenkern does 
not divide (according the current descriptions) does the 
Hemiptera and many other insects, but merely draws out along 
the tail filament for which acts the role mitochondrial 
sheath. According Gatenby this elongation going 
on, “the chromophobe substance dwindles,’ and the spireme ap- 
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pears break partially.” this unsatisfactory manner the 
account closes. The probable fate the spireme will touched 

return now the plate-work the nebenkern Hemip- 
tera. The process condensation having reached the stage 
Figs. and the plate-work begins now become much more 
open and irregular; and the immediately succeeding stage the 
resemblance onion has been largely lost (Figs. and 8). 
The running together the chromophilic material has resulted 
the disappearance part the plate-work, which now consists 
few much-folded plates whose optical cross-sections are 
usually rather simple. Fig. especially striking one, since 
this case the outline forms perfect spireme reminding one 
Gatenby’s account. Fig. another example the same stage, 
and changing the fine adjustment slightly, the optical section 
can converted into perfect spireme. similar change 
focus, the spireme Fig. can transformed into appear- 
ance similar that further proof the plate-like 
rather than thread-like structure necessary, can provided 
from the same cyst spermatids.) Comparing this cross-sec- 
tion with Fig. clear that the chromophilic substance still 
arranged plate-work form, but now very irregular one. 
also interest note that the plate-work seems end 
opposite points the surface the nebenkern, thus marking 
the future division plane the mass whole. 

slightly later stage (Fig. 11) the plate-work has become 
still more condensed and simplified, while the chromophilic sub- 
stance which composed seems decreasing actual 
quantity. this time, shown also cross-sections (Fig. 
12), the plate-work forms flattened, ovoidal core, the exterior 
which now delimited smooth, regular layer. Internally 
single, much-folded septum inserted this outer layer along 
the future division plane the nebenkern. The further conden- 
sation the plate-work now progresses rapidly, the ovoidal core 
chromophilic substance shrinking considerably size. while 
the folded, internal septum smoothes out form flat, regular 


| 


STUDIES INSECT SPERMATOGENESIS. 


partition (Fig. 13). the spermatid viewed right angles 
the plane division the nebenkern right angles 
the plane Fig. 13), the central chromophilic mass appears 
single, regular plate (Fig. 14). 

Slightly later the chromophilic core has shrunk still further 
(Fig. 15) and finally becomes much reduced barely 
visible purple-staining (after Benda) patch within the neben- 
kern proper (Fig. 16). the nebenkern begins actively 
elongate, the last remnant the chromophilic material vanishes 
(Fig. 22) and trace can found any subsequent stage. 
has disappeared apparently process gradual solution 
the chromophobic substance. 

The gradual breaking down and disappearance the onion” 
stage has been noted several previous workers and still others 
have figured several the later stages without apparently any 
very accurate idea what was occurring. Henking (’91) de- 
scribed the process Pyrrhocoris, the layers the onion stage 
gradually disappearing from without inward fusing together, 
leaving length small, dark point the center the neben- 
kern which likewise disappears. Gross (’07), working the 
same form, has given slightly different account, less accurate 
some respects than that Henking. Boring (’07) has clearly 
figured, (Figs. 304 and 313) the intermediate condition 
Figs. and Amphiscepa and Peciloptera, while the very 
regular arrangement the chromophilic substance its later 
phases dissolution well figured Doncaster and Cannon 
Pediculus. interest connection with these last 
named observers, that they made conscious effort find 
like that described Gatenby, but failed entirely. 
Their figures indicate course events similar that the 
Pentatomide. Many other workers have figured what appear 
these later stages the history the chromophilic substance, 
but these need not dwelt upon here since uncertain whether 
they are considered the end stage the plate-work type 
nebenkern artifact from spireme structure. These fig- 
ures have the common characteristic clear peripheral envelope 
containing chromophilic central mass. (See, for example, the 
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figures Holmgren (’02) (Silpha), Vejdovsky (Diestram- 
mena), Shaffer (Passalus), and Zweiger (Forfic- 
ula).) 

One further feature which seems have some relation the 
final disappearance the chromophilic core remains con- 
sidered, viz., the division the nebenkern into two parts. will 
observed (Fig. 13) that the nebenkern commences elongate 
before the chromophilic substance has entirely disappeared, and 
the same time there marked indication the longitudinal 
splitting the nebenkern into two parts. This division plane 
seems deepen the chromophilic core withdraws more and 
more toward the center the nebenkern (Fig. 15), but the divi- 
sion never extends through the core itself. This clearly shown 
Figs. 214 and which show optical cross-sections the 
nebenkern about the stage Fig. 15, two different levels. 
Fig. the section passes through the chromophilic sub- 
stance, while Fig. 21B passes above (or below) it. clear 
that the actual division the nebenkern has extended only the 
periphery the central, chromophilic mass. When this finally 
disappears, the division the nebenkern completed (Fig. 22), 
and from this point the nebenkern draws out two separate 
bodies—the mitochondrial sheaths the tail filament—as de- 
scribed many authors. interesting note that Henking 
observed, after the final condensation the pattern,” that 
the two halves the nebenkern became more and more sharply 
set apart from each other. Thus appears that the division 
the nebenkern waits upon the final disappearance the chromo- 
philic material, the completion which process signalizes the 
final splitting the nebenkern into two parts. 

there any real connection between these two phenomena, 
should always expect the disappearance the chromophilic 
material before the division the nebenkern. Accordingly, the 
absorption the chromophilic substance for any reason delayed 
beyond the initial phases the drawing out the nebenkern 
whole. should expect the nebenkern elongate single 
mass dividing eventually into two parts stage the elonga- 
tion dependent upon the time the disappearance the chromo- 
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philic core. The first these expectations receives remarkable 
fulfillment many insect forms, and not aware that the se- 
quence ever certainly violated. The Lepidoptera, described 
Meves and Gatenby are particularly good ex- 
amples, and many Coleoptera exhibit similar condition. Thus, 
Silpha, Holmgren figures very clearly the gradual disap- 
pearance the chromophilic material the undivided nebenkern 
draws out, and, cross-sections very similar those which have 
figured, shows that the division furrow the nebenkern ex- 
tends only the periphery the chromophilic core (his Mito- 
Shaffer (’17) figures similar stage 
Passalus, which seems think divided. From the position 
the nebenkern parts, think, however, that the conditions are 
like those Silpha, Shaffer having confused the indications 
division with the accomplished fact. Still other cases might 
cited, all which tend support contention that the division 
the nebenkern never completed until the chromophilic sub- 
stance has disappeared. remains, then, inquire whether, 
these cases delayed division, the disappearance the chromo- 
philic material followed the definite splitting the neben- 
kern. The evidence this point very scanty since, division 
long delayed, would usually overlooked. However, 
the case Silpha (Holmgren the whole history events 
clear,and Holmgren’s figures show conclusively that the neben- 
kern completes its division after the disappearance the chro- 
mophilic substance. the case Passalus, interpretation 
Shaffer’s Fig. correct, the nebenkern subsequently 
divided, shown his Fig. 20c, though the exact relation the 
disappearance the chromophilic material not established. 
The classical case the lepidopteran nebenkern has never been 
followed out detail, and would seem that the chromophilic 
material retains its identity for long period. But will venture 
the guess that this case, also, division the nebenkern will 
found occur once the chromophilic substance has been dis- 
posed of. 

This completes the history the origin and nature the 
“blackberry and “onion” patterns which were mentioned the 
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beginning this paper two characteristic types the insect 
nebenkern. remains now consider the nature the third 
type pattern—the smooth beaded cords running parallel 
the long axis the nebenkern mentioned the paragraph re- 
ferred above. This type pattern has been described espe- 
cially Holmgren and Vejdovsky Fragmentary 
references oceur, however, number.of other cases, for 
tel and Sinéty Henneguy also seems have 
figured crudely Pyrrhocoris, and Boring (’07) shows very 
clearly far any explanation this pat- 
tern has been attempted, all accounts agree connecting ulti- 
mately with the preceding patterns, that is, with the chromophilic 
substance. This certainly not the correct origin the Pentato- 
fact, have here deal with structure entirely inde- 
pendent (so far its morphology concerned) origin. Indeed, 
better consider this from the standpoint the evolution 
new substance within the nebenkern, rather than mere pat- 
tern comparable those which have preceded it. 

This substance. then, makes its first appearance period 
approximately that Figs. and g—in other words about 
the time when the chromophilic substance first seems not only 
condensing but actually process dissolution. This new 
material appears this time the form vacuoles scattered 
about the chromophobic substance between the chromophilic 
plate-work and the peripheral wall the nebenkern (Figs. 
and 9). These vacuoles are rather inconspicuous first, their 
periphery staining faintly Benda preparations, though 
not able say positively whether the alizarin the crystal violet 
responsible for the coloration. seems the former 
rule. The origin these vacuoles entirely obscure. Perhaps 
they are produced special differentiation the chromophobic 
material. However, the fact that these vacuoles are the in- 
crease while the chromophilic material decreasing suggests 
that there possibly some connection between the two processes. 
might supposed that the vacuoles are differentiated out 
material derived from the chromophilic mass some indirect 


way. 
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Whatever the origin these vacuoles may be, they increase 
rapidly number, and soon become arranged thread-like rows 
running parallel the future long axis the nebenkern, subse- 
quently becoming more less fused together form structures 
reminding one strings beads (Fig. 11). cross-section, 
these threads appear single vacuoles, the position which 
marks the distribution the threads (Fig. 12). immediately 
subsequent stages (Figs. and 15) these beaded threads be- 
come still more conspicuously developed, and the chromophilic 
substance disappears they become distributed throughout the 
chromophobic envelope shown cross-sections the neben- 
kern (Figs. 214 and and 22). 

The account, thus far, taken from Benda preparations, 
which the vacuoles stain faintly described above. Occasion- 
ally, however, the substance itself the vacuoles stains more 
less darkly with the crystal violet (right half Fig. 11), becom- 
ing much more conspicuous than usually the case. Very fre- 
quently these vacuoles are not demonstrated all the Benda 
method, the chromophobic material appearing entirely clear. 
The above account applies particularly the large-cell genera- 
tions; the small-cell generations (in Murgantia the large-cell 
generations also are not sufficiently large make any difference 
this respect) the results with Benda are quite different. 
these the crystal violet often acts rather capriciously, but de- 
scribed many authors usually stains the whole mass the 
nebenkern intense violet. other words, the chromophobic 
material takes the violet stain. This difference staining be- 
havior the large and small nebenkerns, fortunate for this 
investigation, probably due some physical factor which re- 
sults the ready extraction the stain from the large neben- 
kern masses while from the small ones the stain usually ex- 

tracted with more difficulty. the latter case, the former, 
the substance the newly formed vacuoles fails take the violet 
stain good preparations, and thus the substance the neben- 
kern appears composed two materials very different 
staining capacities. thought, first, that the material which 
thus takes the crystal violet (in the small-cell generations) was 
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equivalent the outer, chromophilic substance the original 
mitochondria but the history which have traced shows clearly 


that exactly the reverse the case. much for the dangers 
arguing the basis single staining reaction. result 
this behavior toward crystal violet, the nebenkern appears vacu- 
olated various characteristic ways, the vacuoles being first 
scattered, and subsequently arranged longitudinal rows that 
seem fusing form non-staining axis for the outer, in- 
tensely staining substance. (See Bowen (’22) Figs. 59, and 
66.) 

The most interesting results, however, were obtained with 
Cajal’s formol-uranium nitrate method with which had been 
attempting the demonstration the Golgi elements. This tech- 
nique gave certain results the very early stages the for- 
mation the new, may conveniently refer it, the 
central, substance, but when the vacuoles had lined form 
thread-like chains (about the stage Fig. 11), the silver was very 
heavily reduced the substance the vacuoles themselves 
which were thus brought out with the clearness 
field bright canary yellow (Fig. 10). The general fixation 
the spermatid usually very poor, the nucleus appearing 
merely light, circular area, often badly distorted. But 
nebenkern well preserved and the beaded threads stand out 
with remarkable clearness, especially later stages. this 
early period they are not quite clear account the mass 
chromophilic material which still occupies the center the neben- 
kern and colored nondescript brown. Whatever may have 
been the origin the substance these threads, abundantly 
clear that represents now material specific and character- 
istic chemical composition. had thought first (Bowen (’19) 
that represented the original chromophobic material the 
chondriosomes, but now evident that such can not the case. 

the nebenkern draws out, the threads make for time 
rather confused picture since the sections rarely cut them exactly 
parallel their length (Fig. fair example). The cross- 
sections these stages are more interesting, the threads, now cut 


should remembered that the true chromophilic substance disappears 
entirely relatively early stage, described above. 
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across, appearing with diagrammatic clearness (Fig. 20). 
early stages have counted least such thread sections 
single half the nebenkern. this same stage Kopsch 
preparations are sometimes obtained which the chromophobic 
substance very intensely blackened while the threads are left 
clear. Thus picture exactly the reverse the Cajal result 
obtained. (Compare Figs. and with Figs. and ig.) 
With the elongation the nebenkern the threads spin out along 
its course and show progressive decrease number, can 
clearly demonstrated cross-sections (compare Figs. and 24), 
well plane views (Fig. 23) the nebenkern. They now 
show the beaded perhaps due their origin from 
chains separate vacuoles, very characteristic manner. 
not easy say this stage just how the reduction the num- 
ber threads takes place, but there appears side side 
fusion adjacent threads, single thread thus arising from two 
preceding ones. This fusion goes rapidly until the stage 
when the tail vesicles (see beyond) are first formed, the threads 
each half the nebenkern have fused form single axial 
core for their respective nebenkern portions (Figs. and 26). 
the final condensation the threads proof the lateral fusion 
the separate threads can for stages just prior 
that Fig. the threads will, some places along their 


course, already fused form single axial core, while 
other places they are still clearly separate. Paulmier (’99) noted 
this central core the elongating nebenkern halves Anasa, 
likening long vacuole extending down each one.” 

The origin these threads (central substance) seems have 
been studied only Holmgren, and Vejdovsky. Silpha, 
cording Holmgren there is, each half the nebenkern, 
single, beaded thread, which arises froni the central chromo- 
philic mass process splitting off. these thread-like 
portions thus separated off given the name Mitochondrien- 
balken.” Slightly later the chromophilic mass disappears 
have already noted above, and the threads now occupy the halves 
the divided nebenkern exactly have described the arrange- 
ment Hemiptera. Holmgren figures also number cross- 


ROBERT BOWEN. 


sections which are very similar mine, except that there never 
more than one thread each half the nebenkern any stage. 
Subsequently the chromophobic material said disappear and 
the threads themselves finally dissolve leaving trace mito- 
chondrial substance the mature sperm. This account the 
fate the threads and the nebenkern substance whole 
negatived more recent studies the the mitochondria 
sperm formation. the mode origin described 
Holmgren, seems not improbable that technical faults 
caused him overlook the early history the threads, and the 
time when first demonstrated them their development was al- 
ready well advanced. 

Diestrammena, according Vejdovsky the nebenkern 
has first the characteristic division into central chromophilic 
substance and enveloping zone chromophobic material. 
Cross-sections this stage are quite similar mine except that 
the axial filament represented piercing the center the chro- 
mophilic core. This very unusual condition, true, the cus- 
tomary position the filament being near the cleft the 
nebenkern, but outside the substance the nebenkern itself. 
(Compare Figs. 214 and and with Vejdovsky’s Figs. 
g.) Presently there appears the chromophilic ma-| 
terial number separate, intensely staining granules which be- 
come arranged rows parallel the axial and eventu- 


ally the chromophilic material entirely replaced 


wound (later beaded) threads. The end result strikingly like 


that the Hemiptera. Vejdovsky believes that the process 
mophilic substance) into the granular components Mitochon- 
from which originally arose. According this view 
the threads would secondarily differentiation product the 
chromophilic material view somewhat similar that 


Holmgren. The beaded appearance the threads marks, ac- 
cording Vejdovsky, the breaking the threads, the granu- 
lar products thus formed swelling large 
size and being simultaneously transformed into fat-like sub- 
stance. These fat droplets seem fuse together form larger 
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aggregates, the same time absorbing the chromophobic material, 
with the final result that the axial filament lies naked the cyto- 
plasm with the fat droplets scattered along its course. These 
later pass out along the tail collected the protoplasmic 
masses that are sloughed off the final maturing the sperms, 
which, result, possess trace mitochondria their de- 
rivatives. This again reminds one Holmgren’s account, and 
the same comment relative the findings other authors ap- 
plicable way criticism. 

view the unusual fate ascribed Holmgren and Vejdov- 
sky these final structural components the nebenkern, 
interest, finally, inquire into their later history the Hemip- 
tera. stages subsequent that Fig. the Cajal method 
fails impregnate the central substance the mitochondrial 
sheaths, which continue draw out rapidly with consequent 
decrease their diameter. The only evidence which have been 
able get the structure the nebenkern these later stages 
has been obtained from Benda preparations. have already 
called attention the fact that some cases Murgantia) 
have obtained preparations which the outer, chromophobic 
material stained intensely with crystal violet, while the substance 
the vacuoles (the central substance) remained colorless. Ac- 
cordingly, when the substance the latter has run together 
form single axial core for each half the nebenkern (Fig. 26), 
the two substances can still distinguished, the outer layer (the 
chromophobic portion) staining deep purple while the central 
core (the central substance) unstained. (See Bowen (’22 
Figs. and have described another paper (Bowen, 
the mitochondrial sheaths begin now develop character- 

1It may well this point again call the attention the reader 
the confusing differences the staining behavior the nebenkern substances. 
the first place, noted that the central substance almost invariably 
fails take the crystal violet Benda’s method, while the chromophilic 
material always stained violet the nebenkern retains the stain all. The 
chromophobic material, however, behaves variable way. Under the best 
conditions does not retain the crystal violet (at least early spermatid 
stages) when the rest the preparation properly differentiated but some- 
times the early spermatid stages (small-cell generations), and invariably 


the later ones, stains heavily with the exact reversal staining 
behavior. 
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istic vesicles, the intervening substance being simultaneously spun 
out into thin connecting threads. The result (Fig 27) that 
each the sheaths becomes spun out into long, delicate thread 
along the course which these vesicles are scattered bleb-like 
swellings. The structure these swellings very clearly demon- 
strated cross-sections the tail. such sections (Fig. 28) 
the sheaths themselves appear small dots intensely stained 
with crystal violet, while the vesicles appear masses non- 
staining material enclosed peripheral layer which stains like 
the portions the sheaths which intervene between two adjaceni 
vesicles. the thread-like sheaths were inflated inter- 
form little pockets which placed small mass 
some material staining quite differently from the substance proper 
the threads. impression that these vesicles are eventu- 
ally smoothed out, their substance being perhaps distributed 
evenly along the thread-like mitochondrial sheaths. Needless 
these sheaths are not broken down stated Holmgren 
and Vejdovsky. (See Bowen (’22)). also clear that 
these vesicles which Vejdovsky has confused the “fat drop- 
derived from the breaking down the mitochondria 
whole. Obviously, their real nature entirely different. 

The exact origin these vesicles has not been satisfactorily 
made out, and the relation their structure that the earlier 
stages therefore uncertain. possible, however, that the 
central substance the nebenkern derivatives tends collect 
intervals along the course the sheaths, thus forming the bleb- 
like swellings, while the intervening lengths, from which the 
central substance withdrawn, the sheath correspondingly 
thinned out (Fig. 27). Possibly such accumulations material 
play some role the spinning out the sheaths. The ultimate 
fate this central substance unknown; possibly comes 
finally form delicate core for each the thread-like mito- 
chondrial sheaths. Thus completed the long and complicated 
differentiation the spermatid 


One the most interesting results this study has been 
reveal the nebenkern the seat unexpectedly complicated 
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and determinate series differentiations. Instead inert, 
passive mass mitochondria subject only some enigmatic 
structural patterns,” find that the nebenkern actually the 
seat intense activity very late stage sperm formation. 
What the meaning this may be, is, however, entirely unknown 
present. 

second point very practical nature the light thrown 
upon the staining behavior the mitochondrial substance during 
spermiogenesis. clear that preparations which have every 
appearance technical excellence, the structure the neben- 
kern may seriously distorted entirely invisible. This has 
obviously been the cause many incomplete accounts, and 
much contradiction results even the same animals. now 
becomes plain that the exact study the nebenkern demands the 
use great variety technical methods the hope that one 
them will prove adequate for the work hand. Similarly, 
the obvious changes the chemical composition the nebenkern 
substance arouse well-grounded skepticism the value the 
so-called “specific” stains for mass 
changing chemical composition such have shown the neben- 
staining all; and equally impossible assign chemical com- 
position this chondriosome body one might homogeneous 
mass. 

have tried this paper put into logical and connected 
story the facts know them about the spermatid nebenkern 
insects. single form have all the features this account 
been, yet, clearly made out, and interpretation the facts 
have found them the Hemiptera involves, therefore, 
large element assumption. have, however, felt justified 
these assumptions since they furnish satisfactory basis ex- 
planation for all the facts far available. many which have 
been entirely obscure hitherto; and since, furthermore, they pro- 
vide standpoint from which further, intelligent attack the 
whole problem can made. 

way summary, attention may particularly called the 
following 
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The nebenkern the insect spermatid 
marily two distinct substances—a chromophobic ground-sub- 
stance presumably equivalent the medullary material (of like 
staining behavior) the original chondriosomes and chromo- 
philic substance presumably equivalent the peripheral material 
the original chondriosomes. 

The chromophilic substance arranged variety ways 
producing the so-called nebenkern patterns.” 

These patterns are presumably least two types—(1) 
the “spireme” type characteristic Lepidoptera, and (2) the 

The chromophilic substance eventually disappears appar- 
ently some process condensation and solution. 

the chromophilic substance disappears, new substance, 
possibly differentiation product the chromophilic material, 
makes its appearance within the mass chromophobic stuff. 

This new (central) substance forms core for each the 
elongating halves the nebenkern, and possibly the source 
the bleb-like swellings later developed the tail sheaths. 
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tensively and add much the finer detail free hand. 


original object has been indicated. 
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All the figures have been outlined far possible with the camera 
lucida initial enlargement approximately 3,800 diameters. great 
enlargement has, course, been necessary correct the outlines ex- 


reproducing, the 


figures have been reduced uniformly enlargement approximately 3,000 
every case the method employed the preparation the 
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Fig. from Euschistus the others are from Brochymena 
quadripustulata. All the figures are from cells the large generations. 


Fic. Early spermatid with first indications differentiation. 

Fic. Slightly later stage than the preceding, showing development the 
peripheral, chromophobic zone. (Benda.) 

Fic. chromophobic zone completed and early differentiation 

Fics. Intermediate stage the development the chromophilic 
plate-work. Fig. surface view small slice the nebenkern plate- 
work, Fig. cross-section the nebenkern right angles the major 
axis the spermatid, the axial filament appearing below cross-section. 
(Benda.) 

Early stage the final condensation the chromophilic 
plate-work and the first appearance the vacuoles (central substance) the 
chromophobic material. Fig. cross-section the nebenkern made like 
Fig. the tail filament appearing below. (Benda.) 

Fic. 10. Early stage the running together the vacuoles the chromo- 
phobic material form beaded threads. (Cajal.) 

11, 12. Slightly later stage than the preceding, showing intermediate 
stage the final condensation the chromophilic material. Fig. 
cross-section the nebenkern made like Figs. and The beaded threads 
are seen the chromophobic material. (Benda.) 

Fics. 13, 14. Later stages the disappearance the chromophilic plate- 
work. Fig. right angles the plane Fig. 
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Figs. and are from Murgantia histrionica; Figs. 15, 16, 21B and 
are from Brochymena quadripustulata; the others are from Euschistus 
euschistoides. All the figures are from cells the large generations. 


Fic. 15. Late stage the disappearance the chromophilic substance. 
(Benda.) 

Fic. 16. Final stage the disappearance the chromophilic substance. 
(Benda.) 

Fic. 17. Early stage the drawing out the nebenkern, showing the 
vacuoles and beaded threads (central substance) which have recently appeared 
the substance. (Cajal.) 

18, 19. Same Fig. 17. Fig. cross-section the nebenkern 
right angles the major axis the spermatid. (Kopsch.) 

Fic. 20. Cross-section the nebenkern made like Fig. 19, stage 
slightly later than that Fig. 

Fic. the nebenkern made like Fig. 19, approximately 
the stage Fig. 15. through the level the chromophilic plate-work 
above (or below) the level the chromophilic plate-work. (Benda.) 

Fic. 22. Cross-section the nebenkern made like Fig. 19, after the final 
disappearance the chromophilic substance. (Benda.) 

Fics. 23, 24. Intermediate stage the lateral fusion the threads 
central substance. Fig. cross-section the nebenkern made like Fig. 

Fic. 25. Portion the mitochondrial sheaths about the stage Fig. 
26. one end the sheaths were turned upward and cut cross-section. 
(Kopsch.) 

Fic. 26. Final stage the condensation the central substance; the 
threads Fig. have fused form single, axial core for each the 
nebenkern 

Fics. 27, 28. Development the bleb-like swellings the mitochondrial 
sheaths. Fig. small portion the tail region near the head the 
sperm. Fig. cross-section three sperm tails the stage Fig. 27. 
(Benda.) 
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DETERMINATION THE DEGREE CON- 
STANCY THE NUCLEI CERTAIN 
ORGANS HYDATINA 


VAN CLEAVE. 


Variability the nuclei the 


result his extensive studies the cytology Hyda- 
tina senta, Eric Martini (1912: 631) maintained that each indi- 
vidual this rotifer bears constant total number 959 nuclei 
distributed fixed numbers through the various organs the 
body. other publications, Martini has mentioned the fact that 
data concerning variability encountered his studies cell-con- 
stancy have been too meagre permit quantitative study. His 
published results cell-constancy Hydatina contain refer- 
ence the numbers individuals examined reaching his con- 
clusions definiteness cell nuclear numbers. Shull 
(1918), attempt determine the validity Martini’s claim 
constancy histological elements, has made statistical study 
the nuclei the vitellaria and gastric glands Hydatina. 
Contrary the findings Martini, Shull has recorded relative 
the numbers the nuclei the organs which 
investigated. Thus, Shull failed find eight nuclei im- 
mutable condition for the vitellarium, for per cent. his 
245 specimens observed aberrant number was recorded. 

Immediately following the appearance Martini’s monograph 
the present writer became interested checking over certain 
minor details his findings from materials which had been pre- 
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pared for class study. preliminary examination more than 
100 individuals Hydatina failed reveal any deviation from 
the usual numbers nuclei either the vitellarium the gastric 
glands. The same slides were used laboratory class ad- 
vanced invertebrate composed chiefly university jun- 
iors and seniors. For six years each member this class, averag- 
ing about students per year, was required note and report 
upon the numbers nuclei found the vitellaria specimens 
examined. The assignment has always been worded such 
manner place premium upon the discovery unusual 
numbers nuclei, without giving the students any previous hint 
the work cell-constancy. There has never been verified 
instance other than eight nuclei reported members these 
classes. Rather frequently nine nuclei have been reported but 
every instance which check has been made the ninth nucleus 
has been demonstrated belong the adjacent ovary and readily 
distinguishable from the nuclei the vitellarium. The data 
included these student observations have not been included 
the tabulated results presented later this paper but comprise 
very considerable bulk evidence the infrequency varia- 
tions the numbers nuclei the material under consideration. 

Stimulated the publication conflicting observations 
Shull, the writer has decided bring together and extend his 
original observations this phase the problem the nuclear 
numbers 

Much the data available for the statistical study range 
variability are due the careful assistance Miss Roselle 
Karrer who examined 550 individuals Hydatina and means 
mechanical stage recorded the location all specimens which 
displayed peculiarities any sort. critical examination all 
unusual specimens was made independently Miss Karrer and 
the writer, and instance was there found any ground for 
disagreement the interpretation the evidence presented 
the specimen. 


MATERIALS. 


The materials upon which these observations are based comprise 
series slides, each containing numerous stained, whole 
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mounts Hydatina senta prepared Powers and Powers 
Lincoln, Nebraska. The excellence the cytological details 
displayed these mounts speaks well for the methods employed 
their preparation. Nuclei the vitellarium, stomach, gastric 


larium the large gland, with conspicuous nuclei, near the center the 
body. The gastric glands show bean-shaped organs anterior the vitel- 
larium and attached the sides the stomach. 


glands, intestine, and some other structures are readily observ- 
able and sharply differentiated from other structures. 

The ultimate source the cultures from which these mounts 
were made has not been determined. According Shull’s ob- 
servations (1918: 460) this.does not seem any great im- 
portance for deviation nuclear numbers seems inherent 
the various cultures examined him. Age, culture media, and 
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male and female producing strains are the factors specifically 
considered Shull connection with his generalization that 
there are “no striking differences the numbers aberrant 
glands under different circumstances.” 

Serial sections were used Shull securing his evidence. 
Numerous sources probable error are inherent data result- 
ing from the study serial sections. Practically all these are 
eliminated the use well prepared toto mounts. For many 
features work comprehensive that Martini whole 
mounts would entirely precluded for the study finer de- 
tails minute structures, but the study gross structures 
such the vitellaria and gastric glands physical limitations 
not preclude the possibility securing perfect data. 


VARIABILITY THE NUCLEI THE 


the first 210 individuals examined the writer each one had 
nuclei the vitellarium. first this was considered fair 
instance random sampling offering conclusive evidence ab- 
solute constancy the number nuclei. Later, examina- 
tion 560 additional specimens, individuals with aberrant num- 
bers nuclei the vitellaria were discovered. Two these 
vitellaria possessed nuclei each and the remaining one 12. 
Thus 770 specimens examined less than 0.4 per cent. displayed 
abnormal number nuclei the vitellarium. Contrasting 
these observations with those Shull shown the following 
table, two points are especially worthy note: (1) indi- 
vidual with less than nuclei the vitellarium has been observed 
the present writer and (2) instance has odd number 
nuclei been observed. 


TABLE 


FREQUENCY DIFFERENT NUMBERS NUCLEI OBSERVED THE VITELLARIA 
Hydatina senta. 


Times observed Shull........... 235 


The plan the arrangement the nuclei the vitellarium 


Hydatina not immutable. There is, however, strong ten- 
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dency for the nuclei occur definite arrangement. Before 
the gland has reached its full functional stage development 
the nuclei (Fig. frequently assume the same definite orderli- 
ness arrangement characteristic the mature female (Fig. 1). 
Typically, the nuclei are arranged the form letter ex- 
tending across the body with the base the the lateral mar- 
gin that contiguous the ovary. such instances there 
anterior row nuclei, posterior row and single nucleus 
lying near the margin midway between the two rows. This usual 
arrangement the nuclei described because seems throw 
some light upon the question the interpretation the aberrant 
individuals that have been observed the course this study. 
With but three individuals displaying aberrant numbers 
nuclei the vitellaria the writer realizes that the material too 
meagre permit broad generalizations. Since, however, all 
three these specimens have many characteristics com- 
mon, seems that the line along which the abnormal condition has 
been reached must have been fairly uniform. the two indi- 
viduals having nuclei each vitellarium (Figs. and 8), there 
strong evidence that the two accessory nuclei have resulted 
from division two nuclei the region the ovary. Thus 
each transverse row contains additional nucleus. Arrange- 
ment the nuclei the vitellarium having nuclei (Fig. 
very strongly supports the hypothesis that this condition has 
arisen from the typical vitellarium with nuclei through supple- 
mentary division two nuclei each transverse row thereby 
adding nuclei the normal number. The time which this 
division occurred cannot determined from examination 
the specimens. any the three instances mentioned above 
the non-conformity nuclear numbers may have been brought 
about either the failure certain nuclei lose their power 
mitotic division the accustomed stage the development the 
organ through some sort stimulation certain nuclei 
normal mature organ undergo either mitotic amitotic divi- 
sion. observed the course this study seems 
point toward late amitotic division occurring the mature 


organ. 


Since the past history the specimens under consideration has 
not been available data concerning the age individuals and 
source the strains are not directly obtainable. Consequently 
the conditions operating produce the abnormal glands are not 
known. addition the three instances abnormal numbers 
nuclei the vitellarium mentioned above, numerous other va- 
riations from the usual structure have been observed. Frequently 
the nuclei are heavily vacuolated (Figs. and 8). ex- 
treme example vacnolization shown Fig. which one 
nucleus has attained such high degree vacuolization that its 
chromatic material highly dispersed and the nucleus greatly 
swollen. 

more common type abnormality, possibly associated with 
advanced age and apparently significance considering the 
problem increased numbers nuclei, that change form 
the nuclei. Development irregularity outline and elonga- 
tion with accompanying constrictions are two the more com- 
mon types such anomalies. Figs. and show character- 
istically constricted, lobed, angular, indented, and twisted nuclei. 
These varying forms all give the appearance adaptations de- 
scribed the literature cytology for increase nuclear sur- 
face necessitated some change the normal activity the 
gland. this specific instance experiments have been per- 
formed determine the conditions responsible for this attempt 
readjustment nuclear surface meet increased 
does seem significant that the changes form the nuclei 
closely resemble conditions observed other tissues the nuclei 
which are undergoing fragmentation. From nuclei such 
the constricted parts into independent nuclear masses. 

Modifications identical type have been observed differ- 
rent genera Acanthocephala. shown the writer (Van 
Cleave 1914) members the family Neoechinorhynchide display 
six giant nuclei the entire subcuticula. all genera this 
family these subcuticular nuclei are definitely limited ovoid 
elliptical masses. members the genus Quadrigyrus (Van 
Cleave 1920) these same subcuticular nuclei are two types, 


those the anterior region the body being identical form 
with those just described for the while those 
the posterior region are coarsely dendritic nature, composed 
elongated central mass from which considerable number 
projections are given off along the channels the lacunar 
system. Nuclei this second type are distinctly intermediate 
between the form characteristic the Neoechinorhynchide and 
those described for the species Echinorhynchus thecatus. this 
last named species the subcuticular nuclei are finely dendritic, ex- 
tending fine branches over considerable area. some 
species the genus Echinorhynchus and the genus Pompho- 
rhynchus this dendritic condition has gone such extreme 
that the small nuclear masses are joined only fine threads and 
many places these communicating threads have not been de- 
tected. this last named condition the nuclear material has the 
appearance being distributed small isolated nuclear masses 
throughout certain regions the subcuticula. Thus this 
group parasitic worms the subcuticular nuclei present finely 
graded series changes from the simple rounded ovoid nuclei 
retained directly from the embryonic condition highly frag- 
mented condition which there little regularity the 
numbers and arrangement the particles resulting from the 
fragmentation. Consequently Neoechinorhynchide there 
constancy the number the subcuticular nuclei throughout the 
life the individual while the most the other Acanthoce- 
phala late embryonic post-embryonic fragmentation the 
nuclei disrupts the constancy numbers histological elements. 

That similar amitotic division might the explanation 
increased numbers nuclei the aberrant vitellaria 
senta seems highly probable. Moreover, the abnormal individ- 
uals observed this study seem indicate that definitely local- 
ized stimuli operate inducing further divisions the nuclei, 
for not all the nuclei the vitellarium are affected. all 


three the aberrant specimens the increase the num- 
ber the nuclei has apparently been the region the vitel- 
larium immediately contact with the ovary. The exact nature 
the stimulating agent has not been determined but seems 
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probable that some change the vitellarium may induced 
correlated with changes the adjacent ovary. 

The glands which have nuclei each seem offer distinct 
evidence that the additional nuclei have been derived the divi- 
sion one nucleus from the anterior and one from the posterior 
row normal individual (Figs. and 8). two-nuclei 


each row normal individual were undergo division 


nuclei would result the case one individual observed 


(Fig. 9). 

Shull found out 120 gastric glands which examined 
carrying numbers nuclei other than the characteristic num- 
ber. According his records 7.5 per cent. the glands fail 
support the idea constancy the numbers nuclei. us- 
ing the same whole mounts described earlier this paper the 
writer has secured data the nuclei 435 gastric glands, not 
single one which displayed any deviation from the nuclei 
characteristic for that organ. comparison the two sets 
data clearly presented the following table. 


TABLE 


FREQUENCY DIFFERENT NUMBERS NUCLEI OBSERVED THE GASTRIC 
Hydatina senta. 


According Shull’s statement (1918: 463) all the various 
conditions culture medium, age, and male female produc- 
ing strains seem produce aberrant numbers gastric gland 
nuclei. the case male producers examined only in- 
dividuals and found none with aberrant numbers nuclei, but 
also mentioned the fact that view the small numbers ex- 
amined this circumstance may insignificant. 


CONCLUSIONS. 


Referring the solution the problem cell-constancy, 
Shull (1918: 464) has said: “there need complicating 
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this solution assuming degree constancy that does not 
exist.” speaking the results his own work cell-con- 
stancy Hydatina has maintained that has obtained 
measure its exactitude” expressed his finding per cent. 
individuals bearing inconstant numbers nuclei the vitel- 
larium and 7.5 per cent. showing aberrant numbers nuclei 
the gastric glands. 

contrast with these observations stand those included the 
present paper wherein much greater number individuals 
were examined, and yielded less than 0.4 per cent. inconstant vi- 
tellaria and absolute constancy the gastric glands. 

The complete absence subnormal numbers nuclei from the 
data presented the present especially significant 
that indicates that the mechanism operating bring about con- 
stancy nuclear numbers has operated its full extent and that 
any abnormalities represent inconstancy secondarily imposed. 
Reductions nuclear numbers might also result from secondary 
causes but the writer has seen evidence factors operating 
the regions studied bring about reduction the numbers 

result his observations, Shull seems have full con- 
viction that the tendency vary inherent the nuclear num- 
bers Hydatina regardless circumstances such culture 
medium and strain. his this regard are valid, 
either some factor group factors not considered Shull 
have been operating suppress the inherent tendency vary 


the particular culture studied the writer physical 


involved reconstructing and counting the nuclei from serial 
sections have introduced element error into his results. 
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All drawings were made from whole mounts with the aid camera 
lucida and uniform magnification. 

The vitellarium viewed from the ventral surface all instances except 
Figs. and which are drawn from the dorsal surface. 

Fic. Vitellarium normal mature female, showing usual form the 
gland and characteristic number and arrangement the nuclei. 

Fic. Very small vitellarium from presumably young female. 

Fic. Vitellarium showing characteristically vacuolated nuclei, one 
which has the chromatic substance much dispersed that distinctly paler 
color. 


Fic. showing lobed, angular and constricted nuclei. 


Fic. with peculiarly twisted and cleft nuclei. 

Fic. Abnormal vitellarium with greatly elongated and constricted nuclei. 

Fic. Abnormal vitellarium with nuclei. this drawing the ovary 
shown overlying the vitellarium the right side. 

Fic. Abnormal vitellarium with nuclei. Part the ovary shown 
underlying the vitellarium the left this drawing. 

Fic. Abnormal vitellarium with nuclei. 
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HEMOGLOBIN THYONE BRIAREUS 


HAN VAN DER 


Hemoglobin means rare lower animals. Though 


was originally thought characteristic for the vertebrates, 
has been found many other instances. Even animals 
low the scale phylogenesis the worms, find very 
many forms either the liquid, the common earth- 
worm, corpuscles (Glycera, Capitella, Phoronis, etc.). 
and Arthropods generally found the free 
animals living medium which oxygen scarce. The larva 

Our knowledge the occurrence respiratory pigments 

Echinoderms very incomplete. one case, the brittle star, 
Ophiactis virens, hemoglobin has been found. Other statements, 
e.g., the assumption respiratory function the so-called 
(Mac Munn. 1885.) Echinus and Strongylo- 
centrotus, are accepted with some scepticism. 
e.g., could show that solution echinochrome did not take 
any more oxygen than the same amount sea water. Other 
data concerning respiratory pigments Echinoderms have not 
come the writer’s knowledge. 

studying the digestion the Echinoderms, among which 
Thyone briareus, dendrochirote Holothurian common around 
Woods Hole, the writer was struck the brilliant red color 
the Polian vesicles every time dissected specimen. Curiosity 
drove him examine this color little more closely. The color 
appeared due the contents; “flows away,” when the 
vesicle cut. could centrifuged off and microscopical 


the Marine Biological Laboratory, Woods Hole, Mass. 
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2The writer wants express his indebtedness Dr. Leo Loeb and Dr. 
Samuel Pond for the loan microscope and spectroscope and Dr. 
Hiroshi Oshima for morphological information. 
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examination the fluid showed that was bound corpuscles. 

These corpuscles are, far their appearance under the 
microscope concerned, very much like mammalian blood cor- 
puscles they are however not biconcave discs, but seem per- 
fectly round. Their color the same that mammalian cor- 
puscles. They not have any active movements far could 
observed, and under the microscope they have the appearance 
perfectly round discs. nucleus clearly visible most 
cases; the protoplasm has granular structure and cell mem- 
brane gives perfectly clear outline.” 

The question arose what the function these corpuscles 
was. The Polian vesicle forms part the water vascular 


system. way they stand one hand connection with the 
ambulacral feet, which are found all over the outside the body 
and means which the animal moves. This species radi- 
ally symmetrical and does not have the so-called bivium. Inside 
the muscular body wall these podia are represented their am- 
pullz and, remarkably enough, all these little ampullz can seen 
dissection contain the same colored material. the 
other hand, the Polian vesicle, through the water vascular system, 
communicates freely with the fluid. The stone-canal 
stiffened carbonate lime, which other Echinoderms and 
larval Holothurians communicates with the sea water, forms 
here so-called “internal madreporites,” one even five, 
Holothuria tubulosa. This stone-canal derived from the larval 
axial sinus, whereas the original pore-canal and external madre- 
porite disappear. Furthermore the water vascular system stands 
connection with the tentacles, the feelers,” which their 
active movements may assist greatly respiration. 

The so-called blood system the Holothurians consists 
blood ring surrounding the cesophagus and situated inside the 
water vascular ring. This system forms plexus around the gut 
and water lungs, dorsal vessel,” and probably stands con- 
nection with the ccelomic fluid. 

The water lungs are considered organs respiration. 
rhythmical contraction the cloacal wall can seen, resulting 
in- and outflow water into the surrounding sea water. 
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The question arose what the nature the red pigment 
the corpuscles the Polian vesicle was. 

The following evidence will serve show that true hemoglobin 
present these corpuscles 

small quantity the fluid was dried slide, heated 
few times under cover-glass with acetic acid till bubbles appeared, 
then cooled. Blue-black prismatic crystals could seen, which 
though not absolutely congruent with the figures text-books 
biochemistry, doubtlessly were hemin crystals. 

Centrifuged and “blood” showed the typical ab- 
sorption spectrum oxyhemoglobin—one broad band concen- 
trated solution, two dilution, one which can easily identi- 
fied means the 

reduction with Stokes’s reagent the single band hemo- 
globin could seen. After continued vigorous shaking, the 
double band oxyhemoglobin could again produced. 

Material treated with KCN and kept the thirty-seven- 
degree incubator for some time, became orange-yellow and showed 
the absorption band the green which characterises cyanhemo- 
globin. 


small quantity the material gave positive Prussian 
blue test for iron. 

Toa solution one two drops per cent. benzidine 
large quantity hydrogen peroxide few drops the blood” 
were added. dark blue color developed once vigorous 
foaming oxygen could seen (peroxidase action). 

From this evidence the writer concluded that hemoglobin 
present these corpuscles. This very interesting connection 
with the fact that Thyone mud-dweller, living medium 
which oxygen scarce. Though the controversy between 
Krogh and other investigators, e.g., Jordan, whether hemo- 
globin actually functions oxygen store, has not yet been 
settled, beyond doubt, that the presence respiratory pig- 
ment great help the struggle for oxygen. 

how far the Polian vesicle acts “mover” the cor- 
puscles, kind primitive heart, could not investigated 
more closely. strongly contractile however and generally 
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supposed control the hydraulic pressure the water vascular 
system. rhythmical contraction can observed. 

The same corpuscles can seen preparation the above- 
mentioned water lungs. This makes their respiratory function 
still more probable. the other hand the evidence seems 
show that also the podia and the tentacles play important role 
the respiration Thyone, and that two systems organs 
seem concerned with one function. 


Hemoglobin found, bound corpuscles, the Polian vesi- 
cle(s), the ampullz and the wall the water lungs Thyone 
briareus, dendrochirote Holothurian, common around Woods 
Hole. This fact interesting connection with the fact that 
Thyone mud-dweller. 
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